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Section 304(a)(1l) of che Clean Water Acc of 1977 {P.L. 95-217) requires
the Adminiscrator of the Environmental Protection Agency to publish criteria
for wacter quality accuracely reflecrting the latest sciencific knowledge on
the kind and extent of all idencifiable effects on health and welfare which
may be expected from the presence of pollutants in any body of wacer,
including ground water. This document is a revision of proposed criceria
based upon a consideration of commencts received from ocher Federal agencies,
Stace agencies, special interesc groups, and individual scienciscs. The
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criceria concained in
aquatic life criceria.

The term "wacer qualicy criteria" is used in two sections of cthe Clean
Wacer Act, secrion 304(a)(l) and section 303(c)(2). The rerm has a differenc
program impact in each sectrion. In section 304, che cerm represents a
non-regulactory, scientific assessment of ecological effects. The criceria
presented in chis publicacion are such scientific assessments. Such water
quality criceria associaced wicth specific stream uses when adopted as Scate
water qualicy scandards under section 303 become enforceable maximum
acceptable levels of a pollutant in ambient waters. The wacer qualicy
criceria adopred in the Scate water qualicy standards could have che same
numerical limics as che criceria developed under seccion 304. However, in
many situations States may wanct to adjust wacer quality criteria developed
under seccion 304 ro reflect local environmental condicions and human
exposure patcerns before incorporarion into warer quality standards. Ir is
not until cheir adopcion as parc cf rthe State water quality standards chac
the criceria become regulacory.

Guidelines to assist the Scaces in the modification of criceria
presented in chis documenc, in the development of warer qualicty standards,
and in other water-relaced programs of this Agency, have been developed by

EPA.

Edwin L. Johnson

Direcror
Office of Water Regulatrions and Standards
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Inc. oo ¥

Because of the variecy of forms of lead (Boggess, 1977; Callahan, et al.
1979 zag lack of defiaicive ianformacisn about their relacive roxicicles, no
available arnalycrical measuremenc is known to be idéal for expressing aquacic
life criceria for lead. Previous aquatic life criceria for lead (U.S. EPA,
1980) were expressed in terms of total recoverable lead (U.S. EPA, 1983a),
buc this measurement is probably coo rigorous in some situatioms. Acid-
soluble lead (operacionally defined as the lead thac passes through a 0.45 am
membrane filter after the sample is acidified to pH = 1.5 co 2.0 wich nitric
acid) is probably the best measurement at che present for cthe following
reasons:

1. This measurement is compatible with nearly all available data concerning
toxicicy of lead to, and bioaccumulation of lead by, aquatic organisms.
Verv few resct results were rejecced just because it was likely cthac chey
would have been substancially different if chey had been reporced in
cerms of acid-~soluble lead. For examole, results reporcted in terms of

dissolved lead were nor used if the concentracion of precipicated lead

was subscancial.

(XS]

On samples of ambient water, measuremenc of acid-soluble lead should
measure all forms of lead chat are coxic co aquacic life or can be
readily convercted to ctoxic forms under natural condicions. In addicion,
this measurement should nor measure several forms, such as lead char 1is

occluded in minerals, clays, and sand or is stroangly sorbed to

*An underscanding of the "Guidelines for Deriving Numerical National Water
Qualicy Criceria for the Proteccion of Aquatic Organisms and Their Uses"
(Stephan, er al. 1985), hereafrer referred to as the Guidelines, is necessary
in order to underscand the following text, tables, and calculations.



particulace mactter, that are not coxic and are not likely to become toxic
under nactural condictions. Alchough this measurement (and many ochers)
will measure soluble, complexed forms of lead, such as the EDTA complex of
lead, that probably have low toxicities to aquactic life, concentrations cf
these forms probably are negligible in mosc ambient wacer.

Alchough water qualicy criceria apply to ambient water, cthe measurement
used to express criteria is likely to be used ro measure lead in aqueous
effluents. Measurement of acid-soluble lead should be applicable to
effluents because it will measure precipitaces, such as carbonatre and
hyvdroxide precipitactes of lead, thac might exisc in an effluent and
dissolve when the effluent is diluted wich receiving water. 1If desired,
dilucion of effluent with receiving warer before measuremenc of
acid-soluble lead might be used to determine whecher the receiving wacer
can decrease the concentracion of acid-soluble lead because of sorption.
The acid-soluble measurement should be useful for mosc mectals, thus
minimizing the number of samples and procedures that are necessary.

The acid-soluble measurement does not require filtracion at che ctime of
collecrion, as does the dissolved measurement.

The only creatment required act the ctime of colleccion is preservacion by
acidificaction to pH = 1.5 to 2.0, similar to that required for the tocal
recoverable measuremenc.

Duractions of 10 minutes to 24 hours becween acidificacion and filctracion
probably will not affect the resulc substanctially.

The carbonate sysctem has a much higher buffer capacicy from pH = 1.5 to
2.0 cthan it does from pH = 4 to 9 (Weber and Scumm, 1963).

Differences in pH within cthe range of 1.5 to 2.0 probably will not affecc

the resulc substancially.



10. The acid-soluble measurement does noc require a digescion step, as does
che toral recoverable measurement.
11. Afrer acidificacion and filrraction of the sample to isolace che acid-
"soluble lead, the analysis can be performed using eicther atomic
absorption speccroscopy or ICP-acomic emission spectroscopy (U.S. EPA,
1983a), as with the rotal recoverable measurement.
Thus, expressing aquacic life criceria for lead in cterms of che acid-soluble
measurement has both toxicological and prac:ical advantages. On the ocher
hand, because no measurement is known to be ideal for expressing aquatic life
criteria for lead or for measuring lead in ambient water or aqueous
effluents, measurement of both acid-soluble lead and total recoverable lead
in ambient water or effluenct or boch mighc be useful. For example, there
mighc be cause for concern if total recoverable lead is much above an
applicable limic, even chough acid-soluble lead is below the limic.

Unless otherwise noted, all concentracions reported herein are expecred
to be essencially equivalenc to acid-soluble lead concentracions. All
concentractions are expressed as lead, not as che chemical ctesced. The
cricteria presencted herein supersede previous aquacic life wacer qualicty
criceria for lead (U.S. EPA, 1976, 1980) because these new cricteria were
derived using improved procedures and additional information. Whenever
adequately justified, a nacional criterion may be replaced by a site-specific
cricerion (U.S. EPA, 1983b), which may include noct only sice-specific
triterion concen;racions (U.S. EPA, 1983¢c), bur also sice-specific durations
of averaging periods and site-specific frequencies of allowed exceedences
(U.S. EPA, 1985). The latest licterature search for information for chis

document was conducred in May, 1984; some newer information was also used.



Acure Toxicity to Aquatic Animals

Acute tests were conducted at three differenc levels of water hardness
with Daphnia magna (Chapman, et al. Manuscripc), demonstrating chac daphnids
were three cimes more sensictive to lead in soft than in hard water (Table 1).
The value in soft water agrees closely with the value in Table 6 for che same
species in sofc wacer (Biesinger and Christensen, 1972). Datra in Table | also
indicace chact lead was more toxic to the rainbow trout, farhead minnow, and
bluegill in sofc than in hard water. The resulcs of che acute tescs conducted
by Davies, et al. (1976) wicth rainbow trout in hard water are reporced as
unmeasured values in Table 1, because ctotal lead concentrations were noc
measured, even though the dissolved concentractions were. Hale (1977)
conduccted an acucte exposure of rainbow trout cto lead and obrained an LC50 of
8,000 4g/L. This value is almost seven rimes greater than che LC50 obrained
for rainbow trouct in soft wacer by Davies, er al. (1976). Hale did noc report
water hardness; however, alkalinicty and pH were reporcted to be 105 mg/L and
7.3, respeccively, which suggescs that cthis wacer was probably harder cthan che
soft wacer used by Davies, et al. (1976),

Amphipods were reported by Spehar, et al. (1973) and Call, ec al. (1983)
tc be more sensicive to lead than any octher freshwater animal species thus far
tested. Also, in exposures lasting up co 28 days cthe amphipod was far more
sensitive to lead than a snail, cladoceran, chironomid, mayfly, sconefly, and
caddisfly (Table 6) (Anderson, et al. 1980; Biesinger and Chriscensen, 1972;
Nehring, 1976; Spehar, er al. 1978). Alchough results of cests on lead
acetacte were placed in Table 6 because of the possible effect of acetate on
the toxicity of lead, Pickering and Henderson (1966) found char lead chloride
(Table 1) and lead acecace (Table 6) were about equally toxic to the fachead

minnow in static ctests in soft water. Wallen, ec al. (1957) reported chatc
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lead oxide (Table 6) is much less acwely toxic than lead nitrace (Table 1) to
the mosquitofish in water concaining a high concenctracion of suspended clay
parcicles.

A\

Different species exhibit differenc sensitcivicies to lead, and many ocher
factors might affecc the resulcs of cescs of che toxicicy of lead to aquacic
organisms. Criteria can quancticarively rake into account such a faccor,
however, only if enough data are available to show that the faccor similarly
affeccs the resulcs of cests with a variecy of species. Hardness is ofcen
thought of as having a major effecc on cthe toxicicy of lead, alchough che
observed effect is probably due to one or more of a number of usually
interrelated ions, such as hydroxide, carbonate, calcium, and magnesium.
Hardness 1s used here as a surrogare for the ions which affect the resulcs of
toxicity tescs on lead. An analysis of covariance (Dixon and Brown, 1979;
Neter and Wasserman, 1974) was performed using che natural logaricthm of the
acute value as the dependent variable, species as the treatment or grouping
variable, and che natural logarichm of hardness as the covariate or
independent variable. This analysis of covariance model was fit to cthe data
in Table 1 for the four species for which acute values are available over a
range of hardness such that the highest hardness is at leasc chree times che
lowest and the highest is also at least 100 mg/L hizher than che lowest. An
F-test showed chat, under the assumpcion of equality of slopes, the probabil-
ity of obtaining four slopes as dissimilar as chese 1s P=0.03. This was
interpreced as indicacing that it 1s unreasonable co assume chat the slopes

for these four species are the same. The slopes for Daphnia magna, fathead

minnow, and bluegill (see end of Table 1) were close to cthe slope of 1.0 rhat

iIs expeccted on the basis that lead, calcium, magnesium, and carbonace all have



a charge of two. The slope for rainbow trouc was 2.475 and ctherefore was not

used. A test of equalicty of slopes showed that P=0.16, indicating chac ic is

not unreasonable ro assume that the slopes for the three species are the same.
The pooled slope of 1.273 was used with the data in Table | to calculate

Species Mean Acute Values at a hardness of 50 mg/L (Table 1). Genus Mean

Acucte Values (Table 3) were then calculated as geomecrtric means of che

avai’ - le freshwater Species Mean Acute Values. Of cthe ten genera for which

acurs va.les arc available, the most sensicive genus, Gammarus, was 1,650

times =w.ro - itive than the mosc resistanc, Tanytarsus. The freshwacer
Final Acucr- . -ue of 67.54 ug/L was calculacted at a hardaess of 50 mg/L from

the Genus +iean Acucte Values in Table 3 using the procedure described in che
Guidelines. Thus, the freshwater Cricerion Maximum Concenctration (in ug/L) =
e(l.Z?B[ln(hardness)]-1.460).

Tests of the acute toxicity of lead to salcwacer organisms have been
conducted with nine species of invertebrates and four species of fish (Table
1). In flow-through roxicity cests with two fish species, less than 30
percent of the test organisms were killed at 3,140 .g/L, which (s the
solubilicy of lead in sea water under the tesc condictions, Sut the acucte value
for cthe murmichog is 315 ug/L. The range of sensitivicies of bivalve molluscs
ls also great, probably refleccing differences in life scage. The adulrc
sofr-shell clam had an LC50 of 27,000 ug/L, whereas the acucte values with
larvae of four species ranged from 476 te 2,450 1g/L., Of cthe eleven salcwarer
genera for which acute values are available, the most sensicive genus,
Fundulus, was 85 times more sensitive cthan the most resiscanc, Mya (Table 3).
The sensictivities of the six most sensitive genera differed by only a factor

of 2.5, even though these six lowest Genus Mean Acute Values are from tescs



conduccted with a variety of species and life srages. The saltwater Final

Acute Value was calculated to be 287.4 ug/L.

Chronic Toxicity to Aquacic Animals

Chaoman, et al. (Manuscript) studied che chronic toxicity of lead co

Daphnia magna at chree different hardnesses (Table 2). The daphnids were

nearly 11 cimes more sensitive to lead in soft water cthan in hard water. The
value in sofr wacter was about one~fourcth that obrained by Biesinger and
Chriscensen (1972) with the same species in a differenc sofc water in a test
in which the concencracions of lead were noc measured (Table 6). The chronic
values nf Chapman, er al. were regressed againsct hardness; the slope was
2.328, but che 95% confidence limics were -8.274 and 12.931.

A life-cycle test on lead in hard warer was conducted by Borgmann, ec al.
(1978) wich a snail. These authors used biomass as chelir endpoinc and
reporced that lead concentracions as low as 19 ug/L significancly decreased
survival, but not growcth or reproduccion. It is not clear, however, how these
invescigators arrived at such a low effect concentration. This publicacion
did, however, concain suictable informacion for decermining a chronic value.
Chronic limics were taken direccly from che cumulacive percent survival figure
which showed no observed effecrc on survival at 12 ug/L and almosc complete
mortalicy act 54 ug/L. The chronic value (geometric mean of cthe lower and
upper limits) for snails was cherefore established at 25.46 ug/L (Table 2).

Davies, et al. (1976) published rasults of an early life-stage test with
rainbow crout in sofr wacer (Table 2). Even though this test was starced with
embryos and continued for |9 monchs afrer hatch, it could not be considered a

life-cycle ctesc because no reproduction occurred. Davies, ec al. (1976}



selectred chronic limics based on a very low incidence of black-colored cails
and spinal deformicies (4.7 and 0.7 percenc, respectively). For che purposes
of deriving wacer qualicty cricteria, such low percencages of such effeccs were
not considered unacceptable. The coancencracion of 27 ug/L was selected as the
upper limit because it caused spinal curvarure in 32.2 percent of the fish,
whereas 13.2 Jug/L only caused curvacure in 3.6 percent of the fish. The
occurrence of black cails was not considered to be an unacceptable effecc.

Spinal deformities were also caused by lead in a life-cycle tesc wich
brook trout (Holcombe, ec al. 1976) and in an early life-scage test wich
rainbow trout (Saucer, et al. 1976). Results of tests by Sauter, ec al.
(1976) with the northern pike, walleve, lake trout, channel catfish, whice
sucker, and bluegill were noct included in Tables 2 or 6 becayse of excessive
mortalicy in the controls. Even though the hardnesses were similar, che
chronic value obrained for rainbow trout by Sauter, et al. (1976) is higher
than che chronic vilue derived from Davies, et al. (1976), possibly because
Saucter, et al. exposed the fish for 2 moncths, whereas Davies, et al. exposed
the fish for 19 monchs.

Davies, et al. (1976) described che long-term effeccs on rainbow trouc
fry and fingerlings exposed to various concentracions of ltead for 19 moncas
in hard and soft wacer (Table 6). Alchough these tescs were neicher life-
cycle (no natural reproduction) nor early life-stage (no embryos exposed),
they do provide information concerniang the relationship between water hardness
and che chronic toxicicy of lead to fish. In cne cest in hard warer, oaly 0
and 10 percent of cthe trout develooed spinal deformities at measured lead

concentrations of 190 and 380 .g/L, respeccively. 1In sofc wacter 44 and 97



percent of the trout developed spinal deformicties at measured lead concentra-
cions of 31 and 62 ug/L, respectively. These resulcs strongly demonscrate
thar lead is more chronically toxic in sofc water than in hard water.

‘The mysid, Mysidopsis bahia, is the only saltwater species wich which a

chronic tesc has been conducted on lead (Table 2). The most sensicive
observed adverse effect was reduced spawning and che resulting chronic value
was 25.08 ig/L. The 96-hr LC50 for chis same species in the same scudy was
3,130 ug/L, producing an acute-chronic racio of 124.8.

The range of the available acute-chronic racios (Table 3) is small
enough thar all four can be used to calculate cthe geomerric mean racio of
51.29. When this ractio is used with the freshwacter Final Acute Value and the

pooled slope (Table 3), che resulcing freshwarer Final Chronic Value (in

ag/L) = e(l.273[ln(hardness)]°4.705). Similarly, the salcwacer Final

Chronic Value is 5.603 ug/L (Table 3).

Toxicicv to Plancs

The effects of lead on various species of algae have been sctudied in
cescs which lasted from 4 to 10 days (Table 4). All authors except Rachlin,
er al. (1982, 1983) used nominal concenctrations. The adverse effect
concencractions from these cests ranged from 500 co 63,800 ug/L. Tt would
appear therefore chat adverse effects of lead on freshwater plancs are

unlikely at concentracions protective of chronic effects on freshwacer

animals.

The saltwacer alga, Champia parvula, is quicte sensitive to lead and a
diatom is only slightly less sensicive (Table 4). The saltwater alga,

Dunaliella certiolecca, is 10 cimes more sensirive rto recrraethyl lead than co

cecramechyl lead (Table 6).



81npaccumulacion

Four freshwacer inverctabrzc: =-.->7 v » v hzen 2xposed to lead

(Borgmann, et al. 1978; Spehar, et al. 1975} aad the bioconcentracrion faccors

(BCFs) ranged from 499 to 1,700 (Tabie 5%  ¢7Fs obrained wizh brook trout
and bluegills were 42 and 45, respeccivz=iy, ‘Zcchison, er al. 1977; Holcombe,
ec al. 1976).

BCFs reporcted for lead from tests with saltwarer bivalve molluscs and

siatams range from 17.5 from a 56-day exposure of cthe qushog clam to 2,570

from 7-dav exposure of the blue mussel (Table 5). The difference in BCFs
mig’ . di“+ :snce between species or mighc be due cto the diffarence in
the dura: >t .. ne cescs.

Neicne  "reshwater nor a saltwacer Final Residue Value can be

calculated beca:se no maximum permissible rissue concentration is available

tor lead.

Ocher Darta

“tany of the values in Table 5 have alr=2ady heen discussz2d. Spehar, et
al. (1978) found no adverse effects on a freshwarer snail, sconefly, and
caddisfly in 28 days at 565 Jg’L. Anderson, 2c al. (1980) obcrained a 10-dav

LCSO of 258 ug/L for the midge, Tanvtarsus dissimilis (Table 6), which 1s

much lower rthan the 48-hr acute value of 224,000 ug/L obrained by Call, et
al. (1983) wicth the same species. The l0~dav exposure includes most of icts
life cycle and several of che presumably seasirive molts, and so should
orobably be considered as useful as the early life-stage rest with fish.
Merlini and Pozzi (1977a) conducced a pH acclimation and lead bioconcentra-

cion study wich bluegills collecced from a lake contaminaced wicth lead.
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A variety of effects on saltwater organisms have been observed. Gray
\
and Vencilla (1973) observed a reduccion in growth rate in a ciliace
protozoan after 12-hr exposures to lead concencracions of 150 and 300 .g/L.

Woolery and Lewin (1976) observed a reduccion in photosynchesis and

respiracion in the diatom, Pheodactylum tricornutum, at concentracions of

lead ranging from 100 to 10,000 ug/L. However, Hannan and Patouillec (1972)
obtained no inhibicrion of growth of che same species at a concentracion of
1,000 ug/L afcer 72 hours. Rivkin (1979), using growth race to derermine

toxicity to the diacom, Skeletonema costatum, reporcted a l2-day ECS0 of 5.1

ug/L. Hessler (1974) observed delayed cell division in che phytoplankcon,

Platymonas subcordiformus, during exposure to 2,500 .g/L for 72 hours. Ar

60,000 sg/L, however, Hessler (1974) reporced not only growch retardation buc
also deacth. Benijrs-Claus and Benijts (1975) observed delayed larval

development in the mud crab, Rhithropanopeus harrisii, during exposure co 50

4g/L. Weis and Weis (1977) observed depressed axis formation in developing

embryos of Fundulus hereroclictus at lead concentracions of 100 ug/L. Reish

and Carr (1978) found chact 1,000 ug/L suppressed reproduccion of ctwo

polychaete species, Ctenodriluis serracus and Ophryocrocha diadema, in a

2l1-day cesc.

Unused Daca

Some data on the effeccs of lead on aquatic organisms were not used
because rhe studies were conducted with species that are not resident in
Norch America. Jennetc, et al. (1981) did not identifv ctheir tesc animals
beyond common names such as "algae, cravfish, and minnows'. Nehring, et al.

(1979) did noct idenctify their organisms co species, so ic is noc known 1if

11



these animals, which were collecrted 1n lran, are also found in North Amevica.

Brown and Ahsanullah (1971) ccaduzr=d ©+: = wich brine shrimp, which species
is too atypical to be used in deriving nzr:onal criceria.

Dacta were not used if lead wa: 31 :»3=:z.ent of a mixcure (Hedcke and
Puglisi, 1980; Heisey and Damman, 1932: Jzna and Choudhuri, 1984; Wong, ec

al. 1982). Reviews by Chapman, et al. (1958), Demayo, et al. (1980, 1982),
Eisler (1981), Eisler, ec al. (1979), Norcth, et al. (1972), Phillips and
Russo (1978), and Thompson, et al. (1972) only contain data cthat have peen
pui .- .2d elsewhere.
¢ ‘es dealing with toxicicy or physiological =2ffects could noc

be use: M. ¢ zhe authors did not reporct clearly defined endpoints (i.e.,
LC50, ECT  -:tariscically significanc adverse effecrs): Aposctol (1973),
Baker, er al. {1983), Behan, er al. (1979), Belding (1927), Carpenter (1925),
Crandall and Goodnight (1962), Dawson (1935), Dilling, ec al. (1926), Dilling
and Healy (1927), gllis (1937), Ferguson and Buoe.s (1974), Fujiva (1961),
Jackim (1973), Jackim, ec al. (1970), Johnson and Eaton (1980), Jones (1935,
1947a,b), Laube, et al. (1980), Lloyd (1961), Lu, ec al. (1975), Manalis and
Cooper (1973), Manalis, et al. (1984), Merliini and Pozzi (1977b), Mecayer, ec
al. (1982), Narbonne, et al. (1973), O'Netll (1981), Overnell (1975),
Phillips (1980), Rao and Subramanian (1982), Rachore and Swarup (1978), Rice,
ec al. (1973), Ruchven and Cairns (1973), Ryck and Whicley (1974), Schulze
and Brand (1978), Sctratford, et al. (1984), Thomas, er al. (1950), Tucker and
Matte (1980), Van der Werff and Pruyc (1982), Varansai and Gmur (1978),
Varansai, et al. (1975), Wacling (1981), Wescfall (1945), and Wiener and
Giesy (1979).

Some resulcs were not used because che test was either improperly

designed for deriving criteria or imporranct details were omicrced from che

12



reporc: Ferard, et al. (1932), Foscer (1982a,b), Gencile, ec al. (1982),
Marion and Danizeau (1933}, Passino and Cotant (1979), Say and Whiccon
(1983), Vighi (iv¥d:), wenrs and Whiccoa (1983a,b), and Whiccon, ec al. (1982).
Dor fman and “hicworch (1969) exposed brook crout to lead only on week days
and the conceacracioas wer: not measured during cests lascing up to 33 davs.
These aurhors and Carpeacter (1927), Rushcon (1922), and Tarzwell and
denderson (1969) conducrzed cescs wich only one or two fish at a cime.
Rainbow trout cested by Hodson, et al. (1978b) were not acclimaced to abruprc
changes in pH before stressing them wich lead. Experiments reported by
Hodson, et al., (1982) were designed to measure lzad uptake in opercular bone
and focmacion of “lack ctails correlated co differenrt growth races of rainbow
trout ; however, these fish were only exposed to one sublechal concentraction
of lead. No daca are available on the concencracions of lead in water during
the studies reporced by Hodsom, et al. (1983a). Sicko-Goad (1982),
Sicko~Goad and Lazinsky (1981, 1982), and Sicko-Goad and Scoermer (1979)
exposed alzae ro only one sublechal concentracion of lead. The 96-hr values
reoorted by Buikema, et al. (1974a,b) were subject to error because of
possible reproductive incteracrions (Buikema, et al. 1977). Clarke and Clarke
(1974) reporced taat their rest wacter was concaminated wich lead leached from
plascic exposure tanks. Exposure times were not reported by Brown (1976) and
Naider (1964). Kariya, er al. (1969) and Turnbull (1954) failed cto reportc
the number of fish ctescted. High conctrol mortalities occurred in all except
5 2 test rveportad by Sauter, et al. (1976). Control mortalicty exceeded 10
yercent in cwo tasts by Mount and Norberg (1934).

Fnglish, ec al. (1963) published r=sulcs based on volume diluctions

instead of nominal or measured concentrations. Brown (1968), Garavini and
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Marcelli (1979), Pawlaczyk-Szpilowa and Slowik (1981), Rao and Saxena (1980),
and Rolfe, et al. (1977) exposed alzae, invertebrates, and fish to lead buc
failed to adequacely describe cheic test metnods. Carpenter (1926, 1930),
Carter and Cameron (1973), Ellgaard and Rudner (1982), Ellis (1940), Grande
and Andersen (1983), Jones (1938, i933J), Nyman (1981), Ozoh (1979), Rachore,
er al. (1979), Shaw and Grushkin (1957), Shaw and Lowrance (1956),

Vi jaymadhavan and Iwai (1975), Wang (1959), and Weir and Hine (1970)
conducred cescs in distilled, deionized, chlorinacted, or "tap" warer.

Biegert and Valkovic (1980) expressed cheir acute dara in hours to death
and concenctrations were a faccor of ten apart. The concentrations of lead
overlapped in the rescs by Sparks, et al. (1983). Tests on the coxicity of
lead to algae were not used 1f the medium contained too much of a complexing
agent such as EDTA (Davis, 1978).

Resulcts of laboractory bioconcencration rescs were not used if the rest
was not flow-chrough (Moncgomery, et al. 1978; Warling, 1983), if che resc
did4 not last long encugh (Wong, et al. 1981), if no soft clissues were
analyzed (Sturesson, 1978), if the concentration in water was not xnown (Ray,
et al. 1981) or was noc measured ofcen encugh (Freeman, 1973, 1980), or if
concrol mortalicies were high (Valiela, et al. 1974). Scudies such as chose
by Ancellin, ec al. (1973), Auberc, ec al. (1974), and Nash, ec al. (1981),
which used radioactive isotopes of lead, were not used because qf the
possibilicy of isotope discriminaction. Newman and McInctosh (1983b) conducced
a depurarion study, but not an uptaxe scudy.

A large number of reporcs on l2ad toxicicy and residues in wild aquacic
organisms could not be used for che calculacion of biocaccumulacion factors or

toxicity due to an insufficient number of measurements of the concentracion



of lead in the water: Anderson (1977), Badsha and Goldspink (1982), Brezina
and Arnold (1977), Brezina, et al. (1974), Brown and Chow (1977}, Eide and
Myklescad (1980), Enk and Mathis (1977), Evans and Lasenby (1983), Gale, et
al. (1973a,b, 1982), Gordon, et al. (1980), Holm (1980), Xharkar, ec al.
(1976), Knowlcon, ec al. (1983), Leland and McNurney (1974), Lucus and
Edgingcon (1970), Marcin and Mudre (1982), Marctin, ec al. (1984), Machis and
Cummings (1973), Machis and Kevern (1975), May and McKinney (1981), Mehrle,
et al. (1982), Newman and McIntosh (1983a), Pagenkopf and Newman (1974),
Pakkala, et al. (1972), Peanington, et al. (1982), Popham and D'Auria (1981),
Price and Knighc (1978), Randall, ec al. (1981), Ray (1978), Sidwell, et al.
(1978), Simpson (1979), Smich, ec al. (1981), Tong, et al. (1974), Trollope
and Evans (1976), Tsui and McCart (1981), Uche and Bligh (1971), Vinikour, et
al. (1980), wWachs (1982), Walsh, et al. (1977), Welsh and Denny (1980),

Wixson and Bolcer (1972), and Wren, et al. (1983).

Summary

The acute toxicity of lead to several species of freshwarer animals has
been shown to decrease as the hardness of water increases. At a hardness of
S0 mg/L the acure sensirivicries of ren species range from 142.5 u4z/L for an
amphipod to 235,900 ug/L for a midge. Data on the chronic effects of lead on
freshwacer animals are available for two fish and two invercebrace specles.
The chronic toxicicy of lead also decreases as hardness increases
and cthe lowest and highest available chronic values (12.26 and 128.1 .3/L)
are bocth for a cladoceran, bur in sofc and hard wacer, respeccively.
Acute-chronic racios are available for three species and range from 18 to 62.

Freshwater algae are affecred by concentrations of lead above 500 ag/L, based
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on daca for four species. Bioconcentracion factors are available for four
inverctebrate and cwo fish species and range from 42 to 1,700,

| Acute values are available for 13 salrwarer animal species and range
from 315 ug/L for the mummichog to 27,000 .g/L for che sofc-shell clam. A
chronic ctoxicity test was conducted with a mysid; unacceprable effects were
observed at 37 ug/L buct nor at 17 ug/L and the acute~chronic racio for chis

species is 124.8. A species of macroalgae was affected at 20 ug/L.

Available bioconcentracion faccors range from 17.5 to 2,570.

Nacional Criceria

The procedures described in the '""Guidelines for Deriving Numerical
Narional Warter Qualicy Criceria for the Prortection of Aquatic Organisms and
Their Uses'" indicace thac, except possibly where a locally imporcant species
1s very sensitive, freshwater aque ic organisms and their uses should not be
affected unacceprably if che four-day average concenctration (in ug/L) of lead
does not exceed the numerical value given by e(1.273[1a(hardness)]~4.705)
more than once every three years on the average and 1f the one-hour average
concencracion (in ug/L) does nor exceed the numerical value given by
e(1.273[In(hardness)]~1.460) n5re chan once every three years on the
average. For example, at hardnesses of 50, 100, and 200 mg/L as CaCOj the
four~day average conceutracions of lead are 1.3,_3;3, and 7.7 ag/L, respec-—
tivcl , and the one-hour average concentrations are 34, 82, and 200 ug/L.

The proceduves described in cthe '"Guidelines for Deriving Numerical
National Water Qualicy Criceria for the Procecrion of Aquatic Organisms and
Their Uses' indicace cthat, except possibly where a locally imporrant species

is very sensirive, saltwater aquatic organisms and their uses should noc be

affecred unaccepcably if the four-day average concentracion of lead does not
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exceed 5.6 ug/L more than once every three years on the average and if che
one-hour average conceantration does not exceed 140 ug/L more than once every
three years on the average.

EPA believes that a measurement such as "acid-soluble" would provide a
more sciencifically correct basis upon which to establish criteria for
metals. The criteria were developed on this basis. However, at this cime,
no EPA approved mechods for such a measurement are available to implemenc the
criceria through the regulatory programs of the Agency and cthe Staces. The
Agency 1is considering development and approval of methods for a measurement
such as "acid-soluble". Uncil available, however, EPA recommends applying
the criteria using the total recoverable method. This has two impaccs: (1)
certain species of some metals cannot be analyzed directly because the tocal
recoverable merhod does not discinguish between individual oxidation states,
and (2) chese cricteria may be overly protective when based on the rocal
recoverable mechod.

The racommended exceedence frequency of three years Ls the Agencv's besc
scientific judgment of the average amounc of cime it will take an unsctressed
svstem to recover from a pollurion event in which exposure to lead exceeds
the cricerion. Scressed syscems, for example, one in which several oucfalls
occur in a limicted area, would be expecred to require more cime for recovery.
The resilience of ecosyscems and cheir abilicy to recover differ greatly,
however, and sicé—specific criteria may be established if adequare
juécificacion i1s provided.

The use of criceria in designing wasce ctreactment facilities requires che
selection of an appropriate wasceload allocation model. Dvnamic models are

preferred for the application of rhese criteria. Limiced dara or other
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factors may make their use impractical, in which case one should rely on a
steady~state model. The Agency recommends the interim use of 1Q5 or 1Q10 for
Cricerion Maximum Concentration (CMC) design flow and 7Q5 or 7Ql0 for the
Criterion Continuous Concentracion (CCC) design flow in sceady~stace models
for unscressed and stressed syscems respeccively. These maccers are
discussed in more decail in che Technical Support Document for Wacter Quality-

Based ' .ics Conctrol (U.S. EPA, 1985).
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